where X is other system. It is found that D(2550) and D * (2600) are consistent with the predicted radial excitations 2S
1 S 0 and 3 S 1 , respectively, through the mass values and cos θ H distributions in this experiment.
In pp collision [3] , two natural parity (J In inclusive decays, the spin and parity are difficult to determine.
In addition to inclusive production in e + e − and pp collisions, highly excited heavy flavor resonances are D ⋆ 3 (2760) [4, 5] . Accordingly, D * (2760) is not analyzed in our study.
Hadronic decays of heavy-light mesons exhibit much information of the quark dynamics of hadrons, and have been extensively studied for a long time [8] [9] [10] [11] [12] [13] [14] [15] [16] . Since the observation of D(2550), D * (2600), D(2750) and D * (2760), hadronic decays of these resonances have been explored in many theories, and there exist different interpretations to these new observed states. Parts of the explorations are reviewed in the following, where many other references have not been mentioned.
In a 3 P 0 model [17] , D * (2600) is suggested as an admixture of 2 3 S 1 and 1 3 D 1 with J P = 1 − , D * (2760) is suggested either the orthogonal partner of D * (2600) or 1 3 D 3 . It is found that D(2550) has a decay width far below the experimental value if it is 2 1 S 0 . D(2750) is ignored in the analysis.
In a chiral quark model [18] , D * (2600) is also suggested as an admixture of 2 3 S 1 and 1 3 D 1 with J P = 1 − , D * (2760) is suggested the 1 3 D 3 with J P = 3 − , D(2750) is suggested as an admixture of 1 1 D 2 and 1 3 D 2 with J P = 2 − . D(2550) is also found to have a decay width far below the experimental value if it is 2 1 S 0 . In an effective Lagrangian approach based on the heavy quark and chiral symmetry [15, 19] [16, 22, 23] . The hadronic decays of the radially excited 2D D s resonances have been studied in a 3 P 0 model in Ref. [24] , and more extensive study of highly excited charm and charm-strange mesons has been performed in Ref. [16] .
Following our previous work [24] , an extensive study of the hadronic decays of radially excited 2D D resonances has been performed in the 3 P 0 model in this paper. Attention is paid on the hadronic production of D (2550) 
II. A REVIEW OF THE
3 P0 MODEL 3 P 0 model is known as the quark-pair creation(QPC) model, and has been employed extensively for the calculations of OZI-allowed hadronic decay processes. It was first proposed by Micu [25] and developed by Yaouanc et al [26] [27] [28] . In the model, a pair ofis assumed to be created from the vacuum with J P C = 0 ++ and then the created quark/anti-quark regroup with the quarks from the initial meson A to form two daughter mesons B and C. The process of the decay picture is shown in Fig. 1 .
In 3 P 0 model, the hadronic decay width Γ of A → B + C is written as, in which k is the momentum of the daughter meson in the initial meson A's center of mass frame
and M JL is the partial wave amplitude of A → B +C. In terms of Jacob-Wick formula [29] , M JL can be derived from the helicity amplitude
where
In this equation, the helicity amplitude
In which, y 1m ( k) = | k|Y 1m (Ω k ) is the solid harmonic polynomial corresponding to the p-wave quark pair,
is the momentum of the created quark pair.
In order to compute the flavor matrix element, the following formula is employed,
where I i (i = 1, 2, 3, 4) is the isospin of the four u, d, s or c quark. I A , I B and I C are the isospins of the mesons A, B and C, respectively. I is the isospin matrix element. The spin matrix elements can be written in terms of 9j symbols [28] ,
In I ML A ,m ML B ,ML C ( K), a simple harmonic oscillator(SHO) wave function for the mesons is employed as follows,
where L L+1/2 n k 2 β 2 denotes the Laguerre polynomial function and Y LML (Ω k ) is a spherical harmonic function. Further details of the indices, matrix elements and other indications in the model can be found in Ref. [30] . The meson flavor follows the convention in Ref. [8] In practical calculation, the numerical results depend on the parameters of the model. Two key parameters in 3 P 0 model are the quark-pair creation strength γ and the harmonic oscillator parameter β. γ indicates the strength of the quark-pair creation from the vacuum and can be obtained by fitting theoretical results of the hadronic decay widths with the experimental data. In Ref. [31] and Ref. [32] , the fitting value of γ is 0.4 and 0.485. γ = 6.947 is employed in this paper, where γ is √ 96π times as that adopted in Ref. [16] due to different conventions [33] . For strange quark-pair ss creation, γ ss = γ/ √ 3 [27] . There are often two ways to fix the harmonic oscillator parameter β. One way is to fix β with a common value, which is about 0.4 GeV [34] [35] [36] [37] [38] . The other way is to fix it with an effective value [16, 17, [39] [40] [41] . Here, we follow the convention in Ref. [16] , where effective values β are employed for S − wave , P − wave and D − wave charm and charm strange mesons. These effective SHO β values were obtained by equating the root mean square (rms) radius of the SHO wave functions for the specified (n, l) quantum numbers to the rms radius of the wave functions calculated in the relativized quark model [8, 16] , and they are listed in Table I . A common value β = 0.4 GeV is employed for all light flavor mesons as that in Ref. [16] .
The masses of the constituent quark are taken to be, m c = 1628 MeV, m u = m d = 220 MeV, and m s = 419 MeV [16] . Masses of most mesons used in our calculations are from the Particle Data Group [1] .
For For resonances not observed by experiment, their masses are taken from theoretical predictions in Ref. [16] , [16] . Due to conservation of J P quantum numbers and kinematical permission, there are 12 OZI-allowed decay modes for each resonance, and each mode contains a few decay channels. 
All possible kinematically permitted and OZI-allowed decay modes and decay channels of these four radially excited 2D D resonances are presented in from Table II to  Table V . In each table, all the decay modes and channels of the 2D D resonances with cū and cd flavors are given. Some decay channels ignored in Ref. [16] are also presented in these tables. Numerical results of the decay width for all possible hadronic channels from the four radially excited 2D D resonances are presented in from Table VI to Table XIII 
π are presented in the first kind of tables (Table  VI , VIII, X and XII), where the Γ ′ indicates the 'total' decay width of all channels in each table.
Numerical results for hadronic channels such as
π in different assignments are given in the second kind tables (Table VII , IX, XI and XIII). These channels contribute to the total decay width Γ, which is a little larger than
We find the following ratios:
C. Mixing of 1P and 2D
As well known, there is mixing between 1 1 P 1 state and 1 3 P 1 state. D 1 (2420) and D 1 (2430) are believed two mixing states, and the mixing follows [16] 
Similar mixing mechanism happens to 2 
mixing states as follows [16] ,
where j q = L − 1 2 state (mainly spin triplet) corresponds to the primed state 2D ′ 2 and j q = L + 1 2 (mainly spin singlet) corresponds to the unprimed state 2D 2 . These mixing schemes are employed in our calculation. . In particular, we find the following ratios: 
served in hadronic decays from all four excited 2D D states. We obtain the following ratios: 
If D * (2600) is an admixture of 2 3 S 1 and 1 3 D 1 with J P = 1 − , the case is a little more complicated, where the numerical ratios depend on detail of the mixing.
Obviously, in different assignments, the ratios are different. In fact, these ratios may provide another way to identify these resonance in the future experiments.
C. D(2750)
D (2750) is possibly a 1 1 D 2 or a 1 3 D 2 state, it is also possibly an admixture of them [15, 16, [18] [19] [20] . In any assignment, D(2750) can be observed in D(2750)π channel from hadronic decays of the four excited 2D states. If D(2750) is a 1  1 D 2 , we obtain the following ratios:
, we obtain the following ratios:
Similar to the case of D * (2600), if D(2750) is an admixture, the numerical results will depend on the detail of the mixing. 
2760) can be observed from the hadronic decays of the four excited D(2
. We have the ratios:
V. CONCLUSIONS AND DISCUSSIONS
In this paper, the radially excited 2D D(2
2 ) have been studied in the 3 P 0 model. Uncertainties resulting from the parameters in 3 P 0 model have not been explored in our study. The hadronic decay widths of all possible OZI-allowed channels of these resonances have been calculated, and some relevant ratios of branching fraction have been given. For lack of experimental data, the detail of mixing has not been explored.
The dominant decays of D(2 In addition to D * 1 (2760) and D * 3 (2760) with unnatural parity, the natural parity D(2750) with mass close to them has been observed. As suggested in Ref. [20] , a natural parity D sJ (2850) close to D * sJ (2860) may exist. However, no charmed strange resonance located around 2860 MeV with natural parity has been observed. Therefore, D(2750) has to be explored in detail by experiment, and charmed strange sector around 2860 MeV has to be studied more. 
